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MIT INTEGRATED GLOBAL SYSTEM MODEL
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Food, crop, livestock, and forestry price impacts combine impacts of climate 

change, ozone, competition for land of biofuels, and mitigation cost effects on 

energy/N2O/CH4



FRAMEWORK FOR AIR POLLUTION IMPACTS ANALYSIS
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GLOBAL COSTS OF OZONE POLLUTION IN 2050

[Selin et al., in prep]

• O3 from A1B 
scenario [Wu et al., 
2008] to 2050

• Calculate change in 
welfare due to 
health impacts of 
ozone changes, 
separately for 
emissions and 
climate drivers

• 2050 welfare loss from O3 health impacts, climate only scenario: 
€790 million (year 2000 €)

• 2050 welfare loss from climate+emission changes: €120 billion

• 2050 welfare loss from all O3 above background: €580 billion



Uncertainty:  Due to uncertainty in dose response 

relationships and economic modeling of impacts.



Estimate probability distributions for input parameters controlling the 

emissions and climate projections in IGSM sub-models:

(1) Emissions Uncertainties:

Elasticities of Substitution

GDP Growth (based on Labor Productivity Growth)

Autonomous Energy Efficiency Improvement (AEEI)

Fossil Fuel Resource Availability, Population Growth 

Urban Pollutant Trends, Future Energy Technologies

Non-CO
2

Greenhouse Gas Trends, Capital Vintaging

(2) Climate System Response Uncertainties (constrained by observations): 

Climate Sensitivity

Rate of Heat uptake by Deep Ocean 

Radiative Forcing Strength of Aerosols

(3) Greenhouse Gas Cycle Uncertainties:

CO
2

Fertilization Effect on Ecosystem Sink 

Rate of Carbon Uptake by Deep-Ocean

Trends in Rainfall Frequency on natural CH
4

& N
2
O emissions

Five Cases indicated by GHG levels (ppm-equivalent CO
2
, ppm CO

2  
and 

change in Radiative Forcing relative to ~1990 (W/m
2
) in ~2100:

No Policy (1400 ppm CO
2
-eq; 870 ppm CO

2
; 9.7 W/m

2
) 

Level 4 (900 ppm CO
2-

eq; 710 ppm CO
2
; 7.1 W/m

2
) 

Level 3 (790 ppm CO
2
-eq; 640 ppm CO

2
; 6.3 W/m

2
) 

Level 2 (660 ppm CO
2
-eq; 560 ppm CO

2
; 5.3 W/m

2
) 

Level 1 (550 ppm CO
2
-eq; 480 ppm CO

2
; 4.2 W/m

2
) 

Generate 400 member ensembles (Monte Carlo with Latin Hypercube 

Sampling) for each case

Uncertainty Analysis: Methodology
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95% PROBABILITY BOUNDS 

OF GLOBAL AVERAGE GHG 

MOLE FRACTIONS AND 

RADIATIVE FORCING from 

1981-2000 to 2090-2100, 

WITHOUT (1400 ppm-eq 

CO
2
) & WITH A 550, 660, 790

or 900 ppm-eq CO
2

GHG 

STABILIZATION POLICY? 

CO
2

(ppm)

CO
2
-

equivalents 

(ppm)

Radiative 

Forcing 

(W/m
2
)



ΔT > 2
o
C

(*Values relative to 

1860/pre-industrial)

ΔT > 4
o
C ΔT > 6

o
C

No Policy at 1400 100%(*100%) 85% 25%

Stabilize at 900 (L4) 100%(*100%) 25% 0.25%

Stabilize at 790 (L3) 97%(100%) 7% < 0.25%

Stabilize at 660 (L2) 80%(*97%) 0.25% < 0.25%

Stabilize at 550 (L1) 25%(*80%) < 0.25% < 0.25%

Cumulative PROBABILITY OF GLOBAL AVERAGE SURFACE AIR WARMING

from 1981-2000 to 2091-2100, WITHOUT (1400 ppm-eq CO
2
) & WITH A 550,

660, 790 or 900 ppm-equivalent CO
2

GHG STABILIZATION POLICY 

(Ref: Sokolov et al, Journal of Climate, 2009)



Comparison to Range in CCSP 2.1A

CO2 Concentrations (ppmv) in 2100
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Comparison to IPCC
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Global mean temperature change (from 1981-2000 to 2091-2100); IPCC SRES scenarios 

(Meehl et al. 2007).  Grey bars for IPCC results indicate 66% and 90% probability), and solid 

black line indicates the 5-95% range of AOGCM results (only provided for B1, A1B, and A2).  

This analysis shown as box plots, where box indicates the 50% range,  median, outer 

whiskers indicate the 5-95% range, dots individual outliers beyond the 95% bounds.



Change in the probability of exceeding illustrative targets for global mean 

surface temperature change, as measured by the change between the 

average for 1981-2000 and the average for 2091-2100.
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